DNA gyrases are topoisomerases, which catalyze the supercoiling of relaxed closed circular DNA coupled to the hydrolysis of ATP (13) . The enzyme from Escherichia coli (topoisomerase II) consists of two different subunits, A and B, encoded by the genes gyrA and gyrB, respectively (1, 2) . Gyrase holoenzyme is considered to exist as a tetramer, A2B2, containing two each of the gyrA and gyrB gene products. The gyrA protein constitutes the target for nalidixic acid and oxolinic acid, whereas the gyrB protein is the target for novobiocin and related coumarin antibiotics. On the basis of inhibition studies with these drugs, the two components of DNA gyrase have been implicated in almost every transaction of bacterial DNA, and it is assumed that gyrase is present in all bacteria. However, structural studies have so far been carried out only with the enzyme from E. coli and Micrococcus luteus (4, 6) . A supercoiling activity has also been detected in extracts of Bacillus subtilis (12) , but only a partial purification of this enzyme has been achieved, and no structural characterization has been reported. This is apparently due to difficulties in obtaining sufficient quantities of highly purified gyrase by conventional procedures (9) . We have recently described the isolation of novobiocin-binding proteins from E. coli by means of affinity chromatography on novobiocin-Sepharose (11) The figure shows densitometer tracings of the Coomassie blue-stained gel: (A) 2 M salt eluate, (B) 5 M urea eluate, (C) E. coli DNA gyrase. Molecular weight reference markers were the subunits of RNA polymerase and DNA gyrase from E. coli, and bovine serum albumin.
sorbed upon denaturation with 5 M urea. The binding of these two proteins to immobilized novobiocin was therefore strikingly similar to that of the E. coli gyrA and gyrB proteins, respectively (11) . It should be noted, however, that the molecular weights of the novobiocinbinding proteins from B. subtilis were somewhat lower than the molecular weights of the subunits of the E. coli DNA gyrase (Fig. IC) . Furthermore, in contrast to E. coli extracts (11) , no distinctive B. subtilis protein could be eluted from the affinity adsorbent with ATP, and no additional protein of lower molecular weight was detected in the urea eluate.
To determine whether the two novobiocinbinding proteins were actually components of B. subtilis DNA gyrase, we assayed their ability to catalyze the supercoiling of relaxed ColEl DNA (Fig. 2) . Neither protein by itself had any supercoiling activity, and the electrophoretic profiles shown in Fig. 2A To confirm this conclusion, we tested the supercoiling activity of intergeneric hybrids prepared from the isolated gyrase subunits of B. subtilis and E. coli. An active enzyme could be obtained by combining the E. coli A subunit with the B. subtilis B subunit (Fig. 3, lane 1) . This interspecies complementation provided further evidence for the functional equivalence of the corresponding B. subtilis and E. coli subunits. However, the reciprocal combination of heterologous subunits did not result in an active holoenzyme. No supercoiling was detectable upon mixing the B. subtilis A subunit with the E. coli B subunit (Fig. 3, lane 2) . Similarly, the E. coli gyrA protein had a DNA-dependent stimulatory effect on the ATPase activity of the B. subtilis B subunit, but the A subunit of B. subtilis did not stimulate the E. coli gyrB ATPase (data not shown). This could reflect the inability of the B. subtilis A subunit to interact with the nonhomologous B subunit. Apparently, gyrase activity requires specific interactions between the two different subunits of the holoenzyme and does not simply result from the cooperation of two separate proteins.
Although the B subunits of B. subtilis could complement the E. coli gyrA protein, it could not restore ColEl DNA replication in an extract from the thermosensitive E. coli gyrB mutant LE316 (7, 8 B. subtilis A subunit resulted in a small but significant amount of plasmid DNA synthesis (Fig. 4) . Agarose gel electrophoresis indicated that the average superhelicity of ColEl DNA in an LE316 extract complemented with B. subtilis gyrase was slightly lower than that from an extract complemented with E. coli gyrB protein (data not shown). These findings support the notion that the capacity of plasmid DNA to carry out rounds of replication is strongly affected by its superhelical state, which results from the balance of supercoiling and relaxing topoisomerase activities present in crude extracts. Apparently, the E. coli gyrase is more efficient in counteracting the homologous relaxing enzyme (E. coli topoisomerase I) than either the B. subtilis gyrase or the chimeric enzyme.
In conclusion, we have shown that affinity chromatography on novobiocin-Sepharose can be used to purify DNA gyrase from the taxonomically widely separated bacteria E. coli and B. subtilis. The B. subtilis enzyme was found to differ from the E. coli and M. luteus gyrases by the smaller size of its subunits. Otherwise, the structural and catalytic properties of these topoisomerases appeared to be very similar. Intergeneric complementation studies revealed, however, specific interactions between homologous gyrase subunits. Furthermore, these studies, taken together with previous results (7) , suggest that the gyrase activity of a bacterial cell has to be precisely attuned to the activity of the relax- VOL. 151, 1982 ing enzyme(s) to maintain the native superhelical state of its DNA.
